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four-stranded  sheets, like those of WD repeats in GPseudostructural Inhibitors
subunits (Adams et al., 2000), Harashima and Heitmanof G Protein Signaling (2002) propose that Gpb1p and Gpb2p together with
Gpg1p form G-like dimers that interact with Gpa2p.during Development
However, these structural mimics may not act as func-
tional Gmimics. The deletion of GPB1 and GPB2 does
not appear to reduce the two-hybrid interaction between
the Gpr1p GPCR and the Gpa2p G, although this assayHeterotrimeric G proteins mediate signal transduction
may fail to reveal an effect on the Gpr1p and Gpa2ppathways to control development in fungal, plant, and
interaction at the peripheral membrane. In fact, cellsanimal cells. A recent study in the July issue of Molecu-
lacking both Gpb1p and Gpb2p behave as though AClar Cell identifies three proteins that, while not displaying
is hyperactivated, displaying enhanced pseudohyphalsequence similarity to G protein subunits, appear to act
growth. Subsequent deletion of GPA2 only partially re-as structural mimics of a G dimer to negatively regu-
duces the enhanced pseudohyphal growth, indicatinglate pseudohyphal growth in budding yeast.
that Gpb1/2p negatively regulates AC in both a Gpa2p-
dependent and a Gpa2p-independent manner. The lossWhen Saccharomyces cerevisiae diploid cells of the
of GPB1 and GPB2 also causes a modest increase in1278 background are placed in a nitrogen-limited envi-
basal cAMP levels and a defect in glucose-stimulationronment that contains a surfeit of fermentable sugar
of cAMP levels, consistent with an unregulated activa-(glucose or fructose), they switch from bipolar growth
tion of AC, which would trigger both feedback activationto unipolar, pseudohyphal growth. The similarity be-
of phosphodiesterase activity, to return cAMP levels totween S. cerevisiae pseudohyphal growth and the inva-
near basal levels, and glucose repression of glucosesive growth of fungal pathogens has made this an in-
detection itself. Additional phenotypes, including stimu-creasingly popular subject of investigation and has
lation of FLO11 transcription and a defect in glycogenpromoted the measurement of pseudohyphal growth
accumulation, also indicate that deleting GPB1 andas a functional test of the S. cerevisiae glucose/cAMP
GPB2 activates AC. Thus, while Gpb1/2p and Gpg1ppathway.
seem to form a G structural mimic that binds theBoth S. cerevisiae and the fission yeast Schizosac-
Gpa2p G, this may not serve a productive role in cou-charomyces pombe utilize guanine-nucleotide binding
pling Gpa2p to its GPCR to promote G protein signaling.proteins (G proteins) to activate a mitogen-activated
The genetic relationship between the G-, G-, andprotein kinase (MAPK) cascade in response to phero-
G-encoding genes in the S. cerevisiae pheromonemone detection and adenylate cyclase (AC) to produce
pathway and the S. pombe glucose/cAMP pathway isa cAMP signal in response to glucose detection (Lengeler
quite different and likely reflects the difference in theet al., 2000). Unlike other eukaryotes, in addition to a
fate of the G protein subunits upon activation. Activationheterotrimeric G protein, both yeasts appear to possess
of the G protein involves a conformational change inone G subunit that functions in the absence of a G
the G subunit, but not in the G dimer. Therefore, in
partner. The S. cerevisiae pheromone pathway is regu-
S. cerevisiae pheromone signaling, which is propa-
lated by a heterotrimeric G protein, whose G dimer
gated by the G dimer, the loss of G hyperactivates
activates a MAPK cascade, while the glucose/cAMP
the pathway, while the loss of either the Ste4p G
pathway is apparently regulated by a monomeric G,
or the Ste18p G inactivates the pathway. In this system,
Gpa2p. In S. pombe, this is reversed, and the pheromone the loss of G activates G, independent of the GPCR.
pathway appears to be regulated by a monomeric G, On the contrary, the S. pombe Gpa2p G is required for
Gpa1p. The G dimer of the S. cerevisiae pheromone glucose-triggered AC activation. In this system, the loss
pathway is required for coupling the G to its G. protein- of Gpa2p, Git5p G, or Git11p G leads to a loss in
coupled receptor (GPCR) (Blumer and Thorner, 1990). cAMP signaling (Landry and Hoffman, 2001), indicating
Similarly, the S. pombe G dimer is required for activa- that the G dimer is required for activation of G by
tion of the G subunit in the glucose/cAMP pathway the GPCR. Consistent with this, mutational activation of
(Landry and Hoffman, 2001). Therefore, an important Gpa2p bypasses the requirement for the G, G, or
question in G protein signaling is whether G-like pro- Git3p GPCR to establish a glucose-repressed state
teins are required to couple S. cerevisiae Gpa2p and (Welton and Hoffman, 2000). Thus, the antagonistic ge-
S. pombe Gpa1p to their cognate GPCRs or whether netic relationship between S. cerevisiae GPA2 and
domains within the Gs or the GPCRs facilitate efficient GPB1, GPB2, and GPG1 is not consistent with a model
coupling in the absence of other subunits. in which Gpb1/2p-Gpg1p functions as a true G-like
Previous two-hybrid screens for functional partners subunit to promote activation of Gpa2p, although Gpb1/
for S. cerevisiae Gpa2p identified several interactors, 2p-Gpg1p could play a positive role in signaling, in addi-
including two proteins focused on in a recent study tion to its predominantly negative roles.
(Harashima and Heitman, 2002). Gpb1p (also known as Crystal structure analyses of inactive heterotrimeric
Krh1p) contains seven kelch repeat domains, while G proteins and of activated G subunits complexed with
Gpg1p is a 126-residue protein with no informative se- the catalytic domains of AC reveal that the same region
quence motifs. A third protein analyzed was Gbp2p/ of G interacts with both G and AC. If S. cerevisiae
Krh2p, another seven-kelch repeat protein, approxi- Gpa2p interacts with AC in a similar manner, a Gpb1/
mately 35% identical to Gbp1p. These three proteins 2p-Gpg1p dimer could block this interaction by competi-
bind Gpa2p, preferably in its GDP-bound form. In addi- tively binding Gpa2p. Thus, while not carrying out the
tion, the Gpa2p-Gpg1p interaction is dependent upon positive role of G to promote the efficient coupling of
the G subunit to its GPCR, the Gpb1p/Gpg1p dimerthe presence of Gpb1p or Gbp2p. As kelch repeats form
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would mimic G and prevent the activation of AC by questions than answers, at the moment, but will un-
doubtedly stimulate these fields into new insights andGpa2p, possibly in its GDP-bound form. This “nonpro-
ductive” interaction between Gpa2p and Gpb1/2p- discoveries. In addition, the concept of structural mim-
ics serves notice that clues to the function of seeminglyGpg1p is reminiscent of the mechanism of pseudosub-
strate inhibitors of protein kinases, which mimic substrates novel proteins may be found by going beyond BLASTP
and PSI-BLAST searches for sequence homologs.to block the kinase from binding authentic substrates
(Kemp and Pearson, 1991). As G subunits do not activate
ACs via a catalytic activity, we propose the term “pseu- F. Douglas Ivey and Charles S. Hoffman
dostructural inhibitor” to describe the regulatory role of Biology Department
Gpb1/2p-Gpg1p. In addition, a second target for Gpb1/ Boston College
2p-Gpg1p must exist to effect its Gpa2p-indepen- Boston, Massachusetts 02467
dent regulation of AC activity. A primary candidate is
AC itself, as some mammalian ACs are directly regulated
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a single sensory organ precursor (SOP) through consec-Numb: “Adapting” Notch
utive asymmetric divisions. Notch signaling is high infor Endocytosis some cells and low in others, resulting in different cell
fate specifications (reviewed in Posakony, 1994).
The numb gene was isolated in the Jans’ lab more
than a decade ago (Uemura et al., 1989). Numb deter-
mines the fate of the SOP progeny: loss of numb leadsDuring sensory organ precursor divisions in Drosoph-
to transformation of the majority of sensory neurons ofila, the numb gene product segregates asymmetrically
the PNS into support cells (see Figure). The numb loss-into one of the two daughter cells, to which it confers
of-function phenotype is, in many respects, opposite toa specific fate by inhibiting Notch signaling. In this
that associated with the loss of Notch. Interaction ofissue of Developmental Cell, Berdnik et al. show that
Notch, a transmembrane receptor, with its ligand, Delta,Numb recruits -Adaptin and that this physical inter-
another transmembrane protein, is necessary for theaction plays a role in downregulating Notch, presum-
SOP progeny to acquire proper identity. At each asym-ably by stimulating endocytosis of Notch.
metric division, a differential level of Notch signaling
between the two daughter cells causes them to adopt
Different mechanisms have evolved to ensure that di- different fates. Epistasis experiments in which double
verse cellular populations can be generated during de- mutants of Notch and numb were generated place numb
velopment. One of these mechanisms is intrinsic and genetically upstream of Notch. The contrasting pheno-
employs asymmetric localization of cellular determi- types of Notch and numb, together with the discovery
nants during cell division. Numb is one of several gene that the proteins can bind to each other directly, implied
products implicated in this process (reviewed in Posa- that Numb dictates the fate of SOP progeny by nega-
kony, 1994). Another mechanism is based on extrinsic tively regulating Notch (Guo et al., 1996). Although tram-
intercellular signaling, whereby extracellular ligands ac- track, a downstream target of Notch, was proposed to
tivate transmembrane receptors. The Notch signaling act as a “readout” for Notch-Numb activity, there was,
pathway epitomizes this type of cell-cell communica- so far, no mechanistic insight as to how cells can inte-
tion. Both mechanisms play pivotal roles in Drosophila grate cell-intrinsic signals, like Numb, with extrinsic
peripheral nervous system (PNS) development. As cues, such as Notch activation.
shown in the Figure, external sensory (ES) organs com- The study by Berdnik et al. (2002) sheds light onto
the mechanism of action of numb in the fruit fly. Usingprise five clonally related cells that are all derived from
